Cross sections and analyzing powers are calculated for the 40Ca( p, 2P) 39 K reaction at proton incident energy of 300 MeV. The t-matrix elements are given by the effective nucleon-nucleon amplitudes of Love-Franey. The optical potentials for distorted waves are calculated by relativistic impulse approximation (RIA). Our calculations are somewhat in poor agreement with experimental data and finally the cause of this discrepancy is discussed. § 1. Introduction The (p,2p) reaction is the very important one that gives us the information on separation energies and angular momenta of proton-hole states in nuclei.
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)-3)
Recently, in the experimental studies, spin observables, such as analyzing powers and spin rotation functions have been measured by using the polarized proton beam and there has been renewed interest in the study of (P,2P) reaction. 4
)-6)
In the theoretical analyses of the (p,2p) reaction, the non-relativistic methods have been almost used until now.
)-3)
When proton incident energy is below 200 MeV, theoretical predictions are in good agreement with the experimental data. Once, however, it exceeds about 300 MeV, even though various effects are added in the non-relativistic methods, the experimental data are not reproduced.
)
Therefore since these few years, it has been pointed out that the relativistic treatment of (p, 2p) reactions might be effective. Some years ago, Kudo et al. calculated the (p,2p) reaction by using the relativistic impulse approximation for the first time.
B )
They used relativistic nucleon-nucleon amplitudes, relativistic distorted waves and bound state wave functions. They calculated the cross sections and analyzing powers of 4°Ca(P,2p)39K reaction at proton incident energy of 300 MeV and of 4He(P, 2p)3H reaction at proton incident energy of 250 MeV. In the paper, it has been shown that especially the analyzing power of 4°Ca(P,2p)39K is improved drastically. Their calculations have been carried out in the zero-range approximation. Furthermore, in recent years, Cooper and Maxwell have performed the analysis of 4°Ca(P,2P)39K reaction in the finite-range calculation.
),lO)
In this calculation, they have used, however, the Dirac phenomenological optical potentials ll ), 12) to obtain the optical potential of p-40Ca elastic scattering. Therefore, in the present paper, we obtain the optical potential of p-relativistic impulse approximation, that are necessary in distorted waves of (P,2P) reaction. The numerical results are shown in § 5 and a summary is given in § 6. § 2_ Relativistic transition matrix element
The relativistic T-matrix for (p, 2p) reaction can be obtained on the ~nalogy of non-relativistic T -matrix. The non-relativistic T -matrix is given byl) where Xa(+) is the distorted wave for incident proton, Xa(-), Xb(-) are the distorted waves for two emitted protons respectively. Also, WA is the ground state wave function for the target nucleus and We is the wave function of residual nucleus (see' Fig. 1 for the (p,2P) reaction).
We expand WA by We l7 ) and carry out the integral about internal coordinates. The T-matrix is written as follows,
w~re T e, Tb and TA are 'the iso-spin quantum number for particles C, b and A respectively and fe, f and fA are the spin quantum number in the same way. Moreover, cPLJM is the bound state wave function of relative motion.
To extend the non-relativistic T-matrix of Eq. (2-2) to relativistic one, we obtain Xa(±), Xb (-) and cPUM by making use of Dirac equations. The optical potentials that are included in Dirac equations to obtain the distorted waves are given by relativistic impulse approximation, which will be referred to later. We express the a-b transition amplitude by tab. Although tab includes the medium effects of nuclei naturally, we ignore the effects here. Then, tab 'becomes free nucleon-nucleon amplitude and is written by making use of five Dirac amplitudes, namely, scalar, vector, tensor, pseudoscalar and axialvector as follows, Here, we make the asymptotic momentum approximation,I) and TLJM in Eq. We obtain is··· L from A, B, C, E, F of the L-F amplitudes 19 ) , 20) by making use of the transformation of the equation,
where 0 is the 5 X 5 matrix in Tables I and II of Ref. 21 ).
Finally, we expand the distorted wave functions and the bound state wave function respectively as follows, 17 and also Cl.JZ is the vector spherical harmonics.
As to the potentials Sand V,we define their forms as Woods-Saxon shape, In order to obtain three distorted waves which are included in Eq. (2·2) (i.e., incident distorted wave and two emitted distorted wave$), we need three optical potentials of p-nucleus elastic scattering. One of them corresponds to the energy of incident proton, and the rest correspond to the energies of two emitted protons. In the present paper, these potentials are given by relativistic Impulse approximation (so-called original RIA).13)-l6)
In the closed shell and spherically symmetric nuclei such as 40Ca, optical potential is written by making use of scalar potential Us(r) and vector potential Uv(r) as follows ,13)-16) where
Us(r)= (2;)3 ]t.n!e-iq.rYs(i)(q) (5s(i)(q)dq , (5 s(i)(q) = !e iq . r ps(i)(r )dr ,
where Ps and pv are the scalar and vector densities respectively and ULJM arid WLJM are the upper component and lower component of the bound state wave functions respectively. For ULJM and WLJM, since we obtain them by the same procedure described in § 3, we do not repeat here. Also
where Plab is the laboratory momentum for incident proton, Pc is the center of mass momentum for nucleon-nucleon scattering and t p(q) are the relativistic nucleonnucleon amplitudes that were described in § 2. We obtain optical potentials of proton elastic scattering by the above method for four kinds of proton incident energies namely, 
Fig. 4 . Real vector optical potentials for p"oCa elastic scattering.
Optical Potential 1m Us(r)
100
..
-----181
>'
60
., We find that the calculated angular distributions of cross sections are in very good agreement with experimental data for all the four energies. In analyzing powers, for proton incident energies of 362 MeV, 497 MeV and 800 MeV, theoretical predictions are in very good agreement with data, but for 181 MeV, theoretical predictions are somewhat in poor agreement with experimental data. These results are consistent with the fact that were pointed out by Refs. 27)~29). Namely, in the original RIA model, at the low energy region that proton incident energy·is below 200 MeV, optical potential diverges and the angular distributions are not predicted correctly.
Next, to calculate the distorted wave in the (5,2P) reaction, we need to obtain optical potential' at specific energy. We obtain the potential by interpolation or 
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p-40Ca at 362 MeV T. The data from Ref. 13). For the solid line, the calculated values of the cross section are normalized to the experimental one by multiplying the spectroscopic factor. The value of the spectroscopic factor is 0.61. Also, dashed line is the relativistic calculations using the phenomenological optical potentials of Kudo et al. 8 ) Furthermore, dash-dotted line is the non-relativistic calculations of Kudo et al. 8 ) We find from this figure that in the solid line, the position of the peak of cross section is most shifting to the left direction compared with the experimental data and even with the phenomenological calculations of Kudo et al.
. 0 , ----------------' ----------
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In Fig. 15 , we show the calculated results for the analyzing power to the Id3/2 state in 39K. The meanings of the three kinds of lines are the same as Fig. 14 . As can be seen from the figure, the calculated curve is in good agreement with experimental data at the place where Eo-El is small. But as Eo-El becomes large, the discrepancy between theoretical values and experimental data is remarkable.
In Figs. 16 and 17 , we show the results for the cross section and analyzing power to the Ids / 2 state in 39K. In the solid line of Fig. 17 , the spectroscopic factor is 0.45. A general trend is the same as the case of Id3/2 state.
In Fig. 18 , the result for the cross section to the 2S1/2 state in 39K is shown with the spectroscopic factor of 2.57. The fact that the position of the peak comes somewhat left in comparison with data is the same as the cases of Id3/2 and Ids/2 states.
In Fig. 19 , the result for the analyzing power to the 2sl/2 state in 39K is shown. It is found that the calculated curve is in good agreement with data at the place where Eo-El is small. § 6. Discussion and summary
In the present paper, we analyze the cross sections and analyzing powers of the 4°CaCp,2p)39K reaction at proton incident energy of 300 MeV by making use of the optical potentials that are obtained by relativistic impulse approximation (original RIA).13 H 6) As is shown in the numerical results of § 5, for the calculated results of the cross sections to the Id3/2, Ids/2 and 2sl/2 states in 39K, the theoretical curves of RIA calculations are shifting to the left direction in comparison with experimental data. For analyzing powers, at the place where Eo-E1 is small, the theoretical curves are in good agreement with the data, but as Eo-E1 grows large, the discrepancy between theoretical curves and experimental data is remarkable.
Next, we discuss the causes that the peak of the cross sections calculated in § 5 is shifting to the left direction compared with experimental data and the causes of discrepancy of analyzing powers.
(i) The single proton bound state wave function that we used
The position of the peak of cross sections is very sensitive to the r.m.s. radius of the single proton bound state wave function. 10 ) We can move the position of the peak to the right direction by increasing the r.m.s. radius of bound state wave function. According to the recent studies,Z6) the effects of nuclear medium exist not only in the low energy region of nucleon-nucleus scattering but also in the intermediate or high energy region, i.e., above 300 MeV. Therefore, we may have to take into account the medium effects in our amplitude, tab. These medium effects might be also effective in the improvement of analyzing powers.
(iii) The zero-range approximation .
.
In fact, in the finite range calculations. of Cooper and Maxwell,9) the position of the peak of theoretical results comes nearer to the peak of experimental data than our calculations. (Their calculated results are, however, still somewhat shifting to the left compared with the peak of experimental data. 9 ») (iv) The divergence of RIA optical potentials For both cross sections and analyzing powers, the most essential and important cause of the discrepancy between the theoretical predictions and experimental data is the use of the optical potentials based on the relativistic impulse approximation. These optical potentials were used to obtain the distorted waves. For the optical potentials which are needed in (p, 2p) reactions, even if the energy of incident proton is about 300 MeV, the energy of one of the emitted protons becomes below half of incident proton energy, namely we need optical potential of proton elastic scattering whose energy is below 150 MeV. And as was pointed out in § 4, in these low energy regions, optical potentials User) and Uv(r) diverge in the original RIA model. z7 )-29) If we do not suppress this divergence of the potentials, we cannot obtain the "correct" potentials.
As the method which keeps off this divergence of optical potential, two different methods have been proposed. 30 ) One of them is the work of Tjon and Wallace, so-called "generalized RIA".31),32) This method is that we take into account an explicit transitions to negative-energy states for nucleon-nucleon amplitudes.
The other is the work of Murdock and Holowitz. 29 ) Namely we replace pseudoscalar amplitude in the five elements of Dirac nucleon-nucleon amplitudes by pseudovector amplitude. By whichever method we take, the divergence of optical potential in the low energy region can be kept off.
As our next step, firstly, to suppress the dJvergence of optical potentials, we will make the RIA optical potentials Us(r) and Uv(r) by making use of the method of Murdock and Holowitz. Furthermore we will take into account the medium effects and finite range effects in our calculations.
